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Figure 1. Possible Model of Ro Action
Y RNA sequesters Ro in an inactive state. Following an unknown
trigger, the Y RNA is released and replaced with misfolded RNA,
which is threaded through a central tunnel in the protein and ulti-
mately removed by a yet-to-be-determined mechanism.
work raises as many questions as it answers. In partic-
ular, what triggers Ro to switch from binding Y RNA to
misfolded RNA? And, once recognized by Ro, what is
the fate of the misfolded RNA? Does Ro act as a pro-
cessivity factor for the degradation of misfolded RNAs,
or does it assist in destabilizing misfolded helices to
facilitate refolding? The structures presented here pro-
vide a conceptual framework to begin addressing these
questions, which ultimately will provide a clear picture
of how cells detect and maintain the quality of small
functional RNAs.
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A New View of an Old Pore
Despite reports suggesting a potential role in mem-
brane fusion, the V0 subunit of the +H/ATPase has re-
mained an unlikely candidate for the fusion pore. In
this issue of Cell, Hiesinger and coworkers (Hiesinger
et al., 2005) present a forward genetic screen that re-
veals it to be necessary for synaptic vesicle fusion,
independent of its role in vesicle acidification.
Some scientific discoveries are akin to seeing ghosts—
not because they are frightening but rather because
few people believe the reports of them. In cell biology
such sightings often involve common “housekeeping”
proteins assuming novel and disparate actions. Per-
haps one of the best examples, indeed a grand old
ghost of membrane trafficking, is the +H/ATPase.
A commonly held hypothesis of membrane fusion
posits that SNARE proteins in vesicle and acceptor
membranes drive fusion, either by bringing membranes
close enough to produce a lipid bridge (called a stalk)
or by coalescing to form a fusion pore. Lurking at the
edge of the debate on the nature of the fusion pore has
been the vacuolar +H/ATPase, a large protein complex
that drives the acidification of many organelles includ-
ing secretory vesicles. The +H/ATPase consists of two
large multimers, the V1 subunit, which catalyzes ATP
hydrolysis to provide energy for proton translocation,
and the V0 subunit, which forms the membrane-span-
ning pore.
The V0 subunit was first implicated in membrane fu-
sion when its proteolipid component, Voc, was found
to be the mediatophore, a protein that could produce
calcium-dependent release of neurotransmitter (Brochier
and Morel, 1993). Next came the poorly understood ob-
servation that the synaptic vesicle SNARE is associ-
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497ated with V0 proteins (Galli et al., 1996). More recently
V0 components were reported to associate with target
membrane SNAREs and to play a role in the fusion of
yeast vacuoles (Peters et al., 2001). Despite these ob-
servations, the conclusion that the +H/ATPase might
also function as a fusion pore has remained difficult for
many cell biologists to accept.
This issue of Cell reports the latest “sighting” of the
+H/ATPase. Hiesinger et al. (2005) performed a forward
genetic screen for proteins required for neurotransmis-
sion in Drosophila. They identified the gene vha100, the
100 kDa component of V0 that is generally referred to
as Voa. There are four isoforms of vha100 in Drosophila.
The screen identified vha100-1, which is expressed
specifically in the nervous system. Mutations that re-
sulted in truncated vha100-1 led to a significant de-
crease in transmission. Even spontaneous, calcium-
independent neurotransmission was severely impaired,
consistent with the interpretation that Voa plays a role
in vesicle fusion.
One of the difficulties in assigning a role in fusion to
V0, however, is its already established role in acidifying
vesicles, which drives the uptake of neurotransmitter.
Decreased neurotransmission could therefore be due
to reduced neurotransmitter in vesicles. To distinguish
between these actions, Hiesinger et al. examined vesi-
cle cycling using the fluorescent, lipophilic dye FM1-
43. Cycling vesicles can be labeled with FM1-43 by
exposing nerve terminals during stimulation then wash-
ing away extracellular dye. The amount of dye taken
up reflects the number of vesicles that fused with the
membrane. This measure is relatively insensitive to ves-
icle acidification, as Hiesinger et al. show by demon-
strating that the drug bafliomycin, which disrupts pro-
ton gradients, has little effect on FM dye labeling. Loss
of full-length vha100-1 produced a significant decrease
in FM labeling, consistent with a decrease in vesicle
fusion.
The authors took this analysis one step further by
examining the ability of Drosophila vha100 to rescue
loss of homologous proteins in yeast. Loss of the yeast
genes VPH1 and STV1 renders cells unable to grow on
neutral media and disrupts trafficking in endocytic
compartments. Expression of vha100 specifically res-
cued trafficking deficits in vph1/stv1 double mutants. It
did not restore vacuolar acidification, suggesting that
Voa performs a conserved function specific to traf-
ficking.
As with its yeast analog (Peters et al., 2001), Hie-
singer et al. find that vha100-1 binds to t-SNAREs, sug-
gesting a model in which SNARE proteins guide V0
pores in vesicle and acceptor membranes into apposi-
tion, thus forming a pore spanning both membranes
(Almers, 2001). However, the data are also consistent
with a pore comprised of V0 in the vesicle and t-SNAREs
in the acceptor membrane. This latter model is consis-
tent with recent reports suggesting that the t-SNARE
syntaxin is a component of the fusion pore (Han and
Jackson, 2005; Han et al., 2004). A third possibility, sug-
gested by the fact that the screen identified Voa and
not the pore forming proteolipid Voc, is that Voa acts
as an accessory to both the +H/ATPase pore and a fu-
sion pore comprised of SNAREs, though studies of
yeast vacuole fusion suggest that all of V0 is involved
(Peters et al., 2001). In any case, if V is involved in0fusion, it is likely to act independently of V1 since the
bulky, cytoplasmic V1 would be expected to hinder
membrane apposition. This suggests that one should
find V0 in isolation and perhaps in greater number per
vesicle than V1.
The fact that Voa was found to be necessary for neu-
rotransmission in a forward genetic screen, coupled
with compelling data indicating that it does more than
acidify vesicles, makes the strongest case to date that
the +H/ATPase plays a role in vesicle fusion. Still the
crucial piece of evidence—that loss of V0 halts all fu-
sion—is lacking. Hiesinger et al. found that fusion in-
duced by hypertonic sucrose, which is lost in SNARE
mutants, was still present in vha100-1 mutants. While
this may mean that other V0 components can function
in the absence of Voa, it may also mean that SNAREs
are the primary component of the fusion pore and that
V0 acts either in addition or as an accessory. V0’s
double duty may preclude the definitive test of its role
in fusion, however, since its role in vesicle acidification
is likely to be necessary for cell survival.
It is somewhat ironic that the search for the protein
mediating membrane fusion may lead us back to the
first known component of secretory vesicles. It appears
that the response to another old ghost —“there are
more things in heaven and earth than are dreamed of
in (our) philosophy” (Shakespeare, Hamlet, Act I)—still
holds. We can add the corollary that many of those
things may already be in clear view.
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